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(54) KOHCTPyKUHH 3A60H CKBAXUHbl 
(57) l/l3o6peTeHne othocmtcp k KOHCTpyxunu 
CKB3XMHU. Uenb - yMeHbiiieHwe rpyAoeMKO- 
ctm pa6oT. nocne 6ypeHM* CKBaxwMbi ao 
KpOB/iM npOAY^MBHoro o6beKTa 4 cnycKaxn 
3Kcn/iyaT3UMOHHyio xonoMHy 1 v\ ueMeHTupy* 
iot ee. JXanee ocymecTB/wiOT 6ypemie npo- 
AyxTHBHOro o6teKTa 4 ao/iotom. A*aMeTp 
KOTOporo MeHbUje BMyTpeHHero Anaweipa 
aKcn/iyaraunoHMO^ kooohhw 1. nocne nero 
pacuJupjiiOT ee pa3ABH*HbiMn pacwMpwTe- 
na M M. Bbino/iHAioT pa6oTbi no M3MepemiK) 
4>aicTMHecKoro AwaMeipa CTaona cKaaxHHU. 
Co6wpaiOT nep<t>opwipoB3HHyK> o6caAHy»o ko- 
noHHy (nOK) tpy5 3 M3 Meta/i/ia c naM*Tb»o 
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unmiM/ipuMeCKOM rbopMW c nnpy>KMUM n"3- 
MeTpoM. paBMbiM A^aMeTpy pacuHipcmioro 
cieona ckodxhhw. u bmytpcmhum auhmctpom 
Gonbiue onyTpeHHcro AH3Merpa aKcnny.iTaun- 
OhmoA KOflOHHM. riepCA cnyCKOM b CKna*tuiy 



ROK 3 npn/lO»OT «J»opMy c noncpCMiibiMH pa3- 
Mepar-ui. o6ecncMHB.Tiotuiir.Hi choGoahwii 
CnyCK ee n mucpun/i 3aneraniin npOAYKinoMO- 
ro oGbCKta 4. B 3tom nniepua/ie nOK 3 narpe- 

B3KDT AO BOCCTaHOB/ieMlin tJ)OpMM. 4 un. 



W3o6peTeHne othocutca k HC't>Tera30AO- 
6wMe u Moxer 6utb ucno/ib30B3no npu ctpo- 
MTenbCTBe ckb3)kmm. 

H3BCCTH3 KOHCTpyKUUfl 3aG0« CKB3>KM HW, 

oicnioiaiouiafl DKcnnyaTaunoMHyto kojiomhy. 
cnymeHHyK)AO KpoB/w npOAyKTHBnoro oGbex- 
Ta. noTaflMyio Konomiy c nep<t>opnpoo3iiHbiMM 
OTBepCTviPMn (lucnnMii). ycTaMoeneiiHyio npo- 
twb npoAVKTuonoro oObOKTa. npu 3tom napyx- 
Hbiii ahomctp noTauMon ko/iohmh Menbwe 
Aii3MfMpa CToo/ia r.Kiici>KV*Hbi. a nocneAHnvi 
Meiibiac- aiiyTpCHM'jro A^ar-ioTpa 3*cnnyaTa- 

Or>vr\/: t a a^'hc'i KOMCrpyKtiMU 3360a 
3iiyTponiuw A"^ Mr - T P nOTannovi ncp4'Opupo- 
aaHMOii Kor.oimw cvmecTBenno MCiibUJe BiiyT- 
peH<jro AnaMCTpa 3KcnnyaTamiOHHoPi 
KcnoHHU . mto onpeAe/weT musky*) npo/iyKTWB* 
H^rh c*b3nciihu m 33TpynMflOT ec o6cny*uno- 
C!i;ivaTa:;nK) 

il;>n >o;uvr.Hi f.o;i».u'?aoro 3a3?pa Aaone- 
nuu na cietiKy CKBa;«mui u npoucccc cc axc- 
f! : ? a,.m^ yMCMi.iuoeTCJi u co openeHeM 
npucroonbMOfl 30!<a e*ca*wHbi paapyiuseTca. 
noc.Tcnuee .'3k>kc npuBOAm k pa3pyujenu»o 
ncTaiiMOii KonoHHu 

} «an6onee 6mi3Ka k npeAiaraeMou kohct- 

pyKlJUtJ CKBaXMHbfl. BK*n»OMaK)U43« 3KCnny3T3- 
UHOHH/O KOnoHHy. cnyiMeHnyK) AO Kpoonn 
npOAyKTitBHoroo6beKT3.paciuwpeMMbii4CTBon 
ckb3)kiihu b MHTepBonc 3a/iera»uiH npoAy<- 
TUBitoro o6bCKta. noTawHy»c nep^opupoBan* 
nyK) KOaOHHy odcaAHbix Tpyft. ycTaHonneHhyio 
npoTno uHTepaana 33/ier3nua npony»<TiioHoro 
o6bCKta. npu stom npeAYiipex/ienwn pa3- 
pytueHUH nnaCTa K.c/ibuCBoe npocTpanciBO 3a 
noTawHOM ko/iohhoA HaGuBaKH rpasnviHO- 
necsanbiM <Jni/ibTpoM. l43necTnaq KOMCTpyx- 
min CKB3xnHbi oGnaAaeT cneAY»oinnMn 
HeAOCT3TK3Mtr. 0UCOK3 TpyAOCMKOC Tb paGoT 

no C03Aa»uiK) rpSBuuHO-necHaHoro <t>wnbTp3; 
n3 Mepe aKcn/iyaiauwn rpaBUMHO-nccManuft 

^)M/lbTp 3a6t1B3CTCfl VI npOAVKTUBMOCTb 

xnHbi yMeHt>LuaeTc«; Manuii a vi a m e t p noTaiTi- 
h o vi KOnoMMbi onpeAenacT »ut3Ky»o 
npoAyKTMBHOCTb CKB3>KHHbi ii 3aTpyAH«CT ee 
o6cny>KHBaMne n 3KCnnyaiauii»o. 

Ue/ib vnobpeieHu? - yMCHbiucHnc ipyAO- 
eMKOCTM pa6oT n yneAimonno npoionoA^^'i'Tb* 

HOCT^l CKBaXMHW. 



yKa33HHafl uenb AOCTuracTC« tcm, mto b 

KOMCTpyKUHU CKBa^KHMbl. BK/lVO''3 K)mC£l 3KC- 

nny3T3UviOHHy»o KO/iOHMy. cnyiMeHHyK) AO 
KpoBnH npoAyxTMBMoro o6beKTa. paciunpeH- 
5 hum ctoo/1 CKBaxwHw b MHTCpoane 3aneraHMfl 
npoAyKTMBHoro o6beKta. nep1>opnpoBaHHy»o 
KO/iOHHy, ycT3H0BnennyK) nponin iiHTepsa/is 
33neramiw npoAy*TUBHoro o6beKTa. nep4>opn- 

P0B3HM3W KOnOHH3 o6C3AMblX Tpy6 Bbin0/lHeH3 

10 H3 Meran/ia c n3M»TbK), BOCCT3HaB/in83ioiuert 
nepB0H3M3/ibHyK) (fcopMy noc/ic cnycK3 ee o 
nMT£pB3i KpenneHMR, npuMCM napy>KHbni A"' 

3MeTp nep(t>0pnp0B3HH0M KOflOHHbl 06C3AHblX 

Tpy6 nepnOHaManbHOvi unnnHApuMecKOw <pop- 
15 mw paoen AnaMeTpy CTBona cKBa>KMHw, a bhyt- 

peHHww AwaMCTp Co/ibLue BuyTpeHHero 

A«aMeTpa aKcn/iyaTaunoMHOM ko/iohhw. 

npuMunn AeviCTBun wranns c naM»TbK) 

3aKnK)MaeTcsi b cneAyKDuieM. 
20 H3secTMO. mto MMC»OTcn MeiannMMecKuie 

cn/iaBbt. y KOTOpbix HOynpyrne AC^opMaunw 

nonHGCTbK) BOCCT3H3B/lHB3K)TCfl npu CHflTHM 

narpy3Kn nnn Harpeaa. i.e. Meian/i. "BcnoMn- 
m3r\ npno6peT3eT npe>KHK)K) ^opMy. 3to hb- 
25 uphwc. oGnspyxeMHoe bo mhochx muctwx 
MeT3nnax. cnnaBax m Meia/i/iwHecicux komho- 

3HUM»X. H33blB3eiC» 3ft)^eKTOM n3MRTM 1>Op- 
Mbl. 

Ha 4>nr. 1 npeACTaB/iena cxeMaTunecKM 
30 npcAnaraeM3» kohct pyxunR 3aGo« cKBaxcwuw: 
na (t)vir. 2 - cencHne A-A na <J>wr . 1 : h3 <t>wr. 3 - 
Ae1>opMnpoBaHH3fl nepeA cnyCKOM b ckb3>km- 
ny noiariH39 KonoHHa: na ^ur . 4 - ceneuHe B-B 
Ha <t)nr. 3(HanGonbUJMM A^aMCTp nonepeMnoro 
35 ceMenuR Ae1>opMwpo8aHHOt^ KonQH^:^ MCiib- 
uie BHyTpeHnero A^ar-ieipa 3KcnnyarauviOM- 

HOM KO/10HHbl). 

KonCTpyxunq 3a6o» CKoa^wHw BK/itonaeT 
3Kcnny3T3unoHMyio ko/iohhy 1 , paciuupCHHbiti 

40 ctboh 2 CKBa>KHHbi b MHTepsane 3aneraHnw 
npOAY^TUBMoro o6beKT3 4 m nep^opwpo83M- 
nyK) KO/iOHny 3 oGcSAHbix Tpy6. 

flocne 6ypeMnw cKsaxuHbi ao kpobhh npo- 
AyKTMOMoro oGbeKTS 4 cnycKaKu 3Kcn/iyaia- 

45 unoHMyio KonoMHy 1 w neMCMTiipyK)i ee. 
Ranee ocyinecTBnAKn Gypcnue npOAy^ T ^o MO " 
ro oGbexTa 4 AonoTOM. A"OMerp KOioporo 
MCHbuie BtiyTpcMnero A^ar.icipa 3KC'my3T3- 
uMOMHOii KonoMHw 1. nocno mpto pactuvipntOT 

50 cro p33ABtt>:MMMii paciunpuTen«MU. Ownon- 
HPtQT paGor^J no ii3MOpc»ui»o ^aKTH'ieCKoro 
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Aiiar-ieipa cioona ckb.i>khhw. Co6up3K>T nep- 
( }>OpnpOoaHnyK) o0c.3n»*yK) KO/iOHny 3 T P y6 H3 
MeTanna c naMATbto unmiH/ipusecKoA 4>opmw 
c HapyxHWM A^aMeTpOM, paonwM A^aMeTpy 
pacujitpctiMoro ci oo/ia ckb3)khh w. depeA cny- 

CKOM 0 CK03)KHMy nep<t>0pUP0B3H HOW KO/lOHHe 

3 npiva«iK)T 4>opMy c nonepeMMWMu p33Meps- 
mil o6ecneMHBOK)m"MM cooBoAHbiii cnycx ee 
c iHucpaan 3a/ieraHHM npnAyKTunMoro o6beK- 
Ta 4. C ncMOmbK) s/iexTponarpeoaTena wnw 
ApyrtiM nyTGM ocyiuecTonaKn Harpee CTepacHH 
c noMPTbKD ao pacMerHOfi TeMnepaiypu. npu 
3roM ctepxoHb c naMaTbio ooccTaHaB/iMBaet 
cdok) nopBOH3Ma/ib!iyio <J>opMy. 

fl p n m e p. Bypemne noA 3Kcn/iyaTaunon- 
Hy>o KOAOHHy ao r/iy6uHU 2C00 m ocymecT8nnK)T 
«o/iotom 0 2 15.9 mm. Ha yxaaaHHyio rny6nHy 
cnycKatcr 3?-cn;iyaTauvionHyio xonoHHy H3 
Tpy6 0 168 mm c TonmwHOM 10 mm m ueMen- 
Ttipytf>T. 3anera>ointi* H:ixe npoAyxTusHbui 
oGlckt pa3Gypnea»OT ao/iotom 0 145 mm ao 
npocKTHOM r/iySwuu 2020 m. 3aTeM ctbob 
ckb3*hhu pacmnpflioT pa3ABnxHWMM pac- 

LUHpUTfMKMll AO A l1 3 N ^Tp3 0 250 MM. 143 

Meranna c naMA i b>o M3roT3B/iwB3K)T nep<t)opu- 
pooaHHyK) KO/iOMiiy AntiMOii L=22 m h pa3Me- 
par.m di-148 mm. d2=250 mm. Ko/iOHHy 
ac^opMwpyiOT. nptiAao nonepeMHOMy npo<t>- 
«//iKD dim na <\)V\r. 4 c Man6oribiiJHM AnaweTpoM 
nonepeMMoroceweMufl d3= 140 mm. Mtoo6ecne- 

MUOaCl KO/lbUCnOM 3330P. p3BM bill 4 MM. C 
DUyTpeMHUM AM3MCTP0M 3KcnnyaTaunoHHOM 
KO/ionHbi 148 mm u. c/ieAoeaTenbuo. cbo6oa- 
nynj TpGMcnopTMpOBKy norai'iHon ko/iohhw b 
i/iMTepBan 3aneranna npoAy*TMOiioro oBtCKra. 
CnyCKaK>T /ie<t>opMnpOBaHMy»o KonoHHy na 
Ko5cne c c*Ba;>Kitny ao ynopa c cc aaOoeM. 
Bit/na*!**)? cwcteMy ?.neKTpoMar pena. noc/ie 
DbiAepAKH b TCMCtino onpeAencMHoro BpeMe- 
hh noiaiiHafl ko/iohhs BOCCiaHaonnBaeT cbok) 
nepBOHaManbMyKD mi/iiiHAPiwcc*yiO <fopMy c 
napyttMUM AwaMCTpoM 250 mm. 

3K0H0MimeCKas 3.w»eMnBHOCTb ot ohca- 
pentm nponnarae^ro TCXMH'^CKoro peiue- 



Htifl onpeAenncTCH AoiiO/iMHTCnbHMM AcfwroM 
CKBaxuHbJ. Flo <})OpMy/ie /Jionion ag6ht cKP.a- 
wuhu Q o6p3THO nponopuHOnancx na Ty ■ 
pa/ibHOMy norapn<J>My othoujchu^ paA^yca 
5 KOMTypa nuTaHMfl (R<) h paA^yca c*BaxwHbi 
(r c ). Ha 0CH0B3HHM Mero npon3BOAMTe/ibMOCTb 
CKB35KHHW c yBennneHHbiM paAviycoM r c , npw 
npoHMX paBHbix ycnoBuwx onpeAenneiCP bu- 
pa^eHneM 

10 

In* 
In — 

15 

npMHUMan R R =200 m. r c -0.145 m, no/iy^a- 

k)tQi=0.08Q. 

TaKMM o6pa30M. AOCTuraeTca yaennMCHne 
npOM3BOA^TenbHOCTn 3a cmct pea^M3aunn 
npeAnaraeMoro TexnuMCCKoro peujennq. 

OopMy/ia M3o6peTeHM 
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KoHCTpyKUMA 3a6ofl CKaaxuHw. BKn»OHaK)- 
m3» 3KcnnyaTaunoHHyo KonoMMy. cnyiuen- 
Hyto AO Kpoan^ npoAyxTHBHoro oGbexia. 

pacujHpeHHwii CTBO/l CKBaXMHW B HHTepB3/ie 

3aneraHM» npoAyxTHBHoro o6beKT3. ncp^opw- 

P0B3HHyK) KO/lOHHy 06C3AMblX Tpy6. yCT3HOB- 

/i 6 h h y K) npoTMB MHTepea/ia 3ancroHUfl 
npoAyxTMBHoro o6bCKTa, 0 T/inMa»oiM3fl- 
c » TeM. mo. c ue/ibK) yMeHbaieHna TpyAoeM- 

KOCTM P360T M yBe/1WMeMH» npOH3BOAHTC/lbHO- 

cth cKeaxuHbi, nep4>opnpoBaHM3« ko/iohm3 
35 oGcsAHbix Tpy6 BbinonHena M3 MeTanna c na- 
MflTbio. BOCCTaH3B/iwB3»oiuew nepB0H3H3nb- 
nyK) <J>opMy noc/ie cnycKa b nHTepaan 
Kpen/ieMnn. npw^eM HapyjKHww A^aMeTp nep- 
<t)opnpoB3HMOvi KOnoMMW o6c3AHbix Tpy6 nep- 
40 BOH3ManbHOM un/inHAP^ecKOvi (J>opMbi paaeH 
AnaMeipy CTBO/ia ckb3>kmhu. a BHyTpcHnww 
AnaMeTp 6onbiue BHyTpcnucro A^aMerpa 3kc- 
nnyaTauMOHHOw kohohhw. 

45 
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di.6 




CocTannTenb P.A/i/iaxBepAuee 
PeAa^top A.Orap TexpeA MMoprema/i KoppexTop C./luttoea 



3aK33 1503 Twpa* noAnncnoc 

BHUHnn TocyAapCTBeMHoro kommtct3 no n3o6peieHvi»M m otkputupm npn TKHT CCCP 
1 13035. MocxBa. X-35. Payuicxafl Ha6.. 4/5 



npon3BOACTBCHHO-n3AaTenbCKMi?i kom6mh.1t -flaTeMT-. r. YxropOA. ynTarapuna. 10 



[state seal] Union of Soviet Socialist ( 1 9) SU (11) 1730429 Al 
Republics 

USSR State Committee (5 1)5 E21 B 33/13. 43/10 
on Inventions and Discoveries 

SPECIFICATION 

OF INVENTOR'S CERTIFICATE 



1 

[1st page] 

(21) 4691069/03 

(22) May 12, 1989 

(46) April 30, 1992, Bulletin No. 16 

(71) Turkmen State Scientific-Research 
and Planning Institute of the Oil Industry, 
TurkmenNIPIneft 

(72) R. A. Allakhverdiev and R. T. 
Eganyants 

(53) 622.245.42 (088.8) 
(56) Technology for Designing 
Construction of an Open Well 
Bottomhole, RD-39-2-1319-85. 
M.: Minnefteprom, Moscow 1985, p. 4, 
Fig. 6. 

Technique and Technology for 
Well Injection in Unstable Reservoirs 
M.: Nedra, Moscow 1979, pp. 2-5. 



2 

[1st page] 

(54) CONSTRUCTION OF A WELL 
BOTTOMHOLE 

(57) The invention relates to well 
construction. The aim is to make it less 
labor-intensive. After drilling the well 
down to the top of producing formation 
4, flow string 1 is lowered and 
cemented. Then producing formation 4 
is drilled with a bit of diameter less than 
the inner diameter of flow string 1, after 
which it is reamed with underreamers. 
Operations are carried out to measure 
the actual diameter of the wellbore. A 
perforated casing 3 is assembled using 
pipes made from memory metal 
[abstract continued on 2nd page] 



[under columns 1 and 2, 1 st page] 



[see Russian original for figure] 
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Fig. 1 



[vertically along right margin] 

09) SJ (li) 1730429 Al 



[Abstract, 2nd page, 1st column] 
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and of cylindrical shape, with outer 
diameter equal to the diameter of the 
reamed wellbore and inner diameter 
greater than the inner diameter of the flow 
string. Before it is lowered downhole, 



perforated casing 3 is given a shape with 
transverse dimensions allowing it to be 
lowered unhindered to the interval 
where producing formation 4 occurs. At 
this interval, perforated casing 3 is 
heated to restore its shape. 4 drawings. 
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The invention relates to oil and gas production and may be used in well construction. 

A bottomhole construction is known that includes a flow string lowered to the top of 
the producing formation, a flush string with perforated holes (slots) placed facing the 
producing formation, where the outer diameter of the flush string is less than the diameter of 
the wellbore, and the latter is less than the inner diameter of the flow string. 

However, in that bottomhole construction, the inner diameter of the flush perforated 
string is substantially less than the inner diameter of the flow string, which results in low well 
productivity and makes it difficult to service and operate. 

When annular clearance is present, the pressure on the wall of the well decreases 
during its operation, and over time the wellbore zone of the well caves in. The latter also leads 
to failure of the flush string. 

The well construction closest to the proposed approach includes a flow string lowered 
to the top of the producing formation, a reamed wellbore in the interval where the producing 
formation occurs, a flush perforated casing placed facing the interval where the producing 
formation occurs, where to avoid caving of the formation, the flush string — borehole annular 
space is packed with a gravel — sand filter. The known well construction has the following 
disadvantages: very labor-intensive operations for making the gravel — sand filter; as 
operations proceed, the gravel — sand filter gets clogged and well productivity decreases, the 
small diameter of the flush string results in low well productivity and makes servicing and 
operation difficult. 

The aim of the invention is to make the operations less labor-intensive and to increase 
well productivity. 



1730429 
4 



The aforementioned aim is achieved by the fact that in well construction including a 
flow string lowered to the top of the producing formation, a reamed wellbore in the interval 
where the producing formation occurs, and a perforated string placed facing the interval 
where the producing formation occurs, the perforated casing is made of memory metal that 
recovers its original shape after it is lowered to the interval to be cased, where the outer 
diameter of the perforated casing for the original cylindrical shape is equal to the diameter of 
the wellbore, and the inner diameter is greater than the inner diameter of the flow string. 

The working principle of memory metal is as follows. 

It is known that there are metallic alloys which completely recover from inelastic 
deformations when the load is removed or they are heated, i.e., the metal "remembers" and 
takes on its previous shape. This phenomenon, observed in many pure metals, alloys, and 
metal composites, is called the shape memory effect. 

Fig. 1 shows schematically the proposed well bottomhole construction; Fig. 2 shows 
the A — A cross section in Fig. 1; Fig. 3 shows the flush string, deformed before lowering 
downhole; Fig. 4 shows the B — B cross section in Fig. 3 (the largest diameter of the 
transverse cross section of the deformed string is less than the inner diameter of the flow 
string). 

The well bottomhole construction includes flow string 1, reamed wellbore 2 in the 
interval where producing formation 4 occurs, and perforated casing 3. 

After the well is drilled down to the top of producing formation 4, flow string 1 is 
lowered and cemented. Then producing formation 4 is drilled with a bit of diameter less than 
the inner diameter of flow string 1, after which it is reamed with underreamers. Operations are 
carried out to measure the actual 
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diameter of the wellbore. Perforated casing 3 is assembled using pipes made from memory 
metal and of cylindrical shape, with outer diameter equal to the diameter of the reamed 
wellbore. Before it is lowered downhole, perforated casing 3 is given a shape with transverse 
dimensions allowing it to be lowered unhindered to the interval where producing formation 4 
occurs. An electric heater or other means is used to heat the memory metal piece up to the 
calculated temperature. Then the memory metal piece recovers its original shape. 

Example. Drilling to accommodate a flow string down to a depth of 2000 m is carried 
out with a 0 215.9 mm bit. A flow string made from 0 168 mm pipes with thickness 10 mm is 
run to the aforementioned depth and cemented. The producing formation occurring below is 
drilled out with a 0 145 mm bit to the planned depth of 2020 m, then the wellbore is reamed 
with underreamers up to a diameter of 0 250 mm. A perforated string is made up using 
memory metal, length L = 22 m and dimensions di = 148 mm, <\j = 250 mm. The string is 
deformed and given a cross-sectional profile of the shape shown in Fig. 4, with largest 
diameter of the transverse cross section d3 = 140 mm, which provides annular clearance equal 
to 4 mm, with inner diameter of the flow string equal to 148 mm, and consequently 
unhindered conveyance of the flush string to the interval where the producing formation 
occurs. The deformed string is lowered downhole on a cable until it sets on the bottom. The 
electric heating system is switched on. After a certain holding period, the flush string recovers 
its original cylindrical shape with outer diameter 250 mm. 

The savings from adoption of the proposed design 
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is determined by the additional well production rate. According to the Dupuis formula, the 
well production rate Q is inversely proportional to the natural logarithm of the ratio of the 
external reservoir boundary radius (Rb) to the well radius (r w ), based on which the well 
productivity, with an increase in the radius r w i and all other conditions being equal, is 
determined by the expression 



[sic- one of the r w j 9 s should be r w ] 

Assuming Rb = 200 m, r w = 0. 145 m, we obtain Qi = 0.08Q. 

Thus an increase in productivity is achieved by implementation of the proposed design. 
Claim 

A well bottomhole construction including a flow string lowered to the top of the 
producing formation, a reamed wellbore in the interval where the producing formation occurs, 
a perforated casing placed facing the interval where the producing formation occurs, 
distinguished by the fact that 7 with the aim of making the operations less labor-intensive and 
increasing the well productivity, a perforated casing is made from memory metal, which 
recovers the original shape after lowering to the interval to be cased, where the outer diameter 
of the perforated casing for the initial cylindrical shape is equal to the wellbore diameter, and 
the inner diameter is greater than the inner diameter of the flow string. 
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A— A 



Fig. 2 



[see Russian original 
for figure] 
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